Abstract. New data are reported on the influence of size on the velocity threshold for real movement. As the length of a narrow stimulus object increases, width remaining constant, the velocity threshold also increases. These findings are discussed in relation to some psychophysical experiments on contrast and some physiological experiments on motion.
This experiment deals with the effect of length of a moving rectangular stimulus on the velocity threshold for movement. A number of experimenters, e.g., Aubert1 and Brown,2 have been concerned with the size parameter. It is felt that, in the present experiment, a rectangular configuration may present some simplifying advantages for the analysis of factors in the perception of linear motion. The relationship of the data to certain principles of brightness contrast are considered as well as to some analogous findings in physiological experiments (Barlow et 
al.)3' 4
Method and Procedure. The apparatus, essentially a hydraulic system, has been described earlier by Graham, Mates, and Shlaer5 and in more technical detail by Graham and Shlaer.6 The method is similar, except in variables studied, to the one used by Mates.7 Velocity threshold is the determination of the minimum rate at which a given target under given conditions will be perceived as moving. The basis of the present equipment is a hydraulic cylinder of 7/8-in. bore and 12-in. stroke with a lapped piston and no packing. The cylinder is mounted vertically with the piston rod at the top. Compression is provided by weights varying from 5 to 20 kg suspended from the cross-piece in such a manner that they lie below the cylinder assembly. The piston-crosspiece-weight assembly is raised by charging the apparatus with oil by a motor-driven pump working through a one-way ball check valve. The oil is then discharged back to a reservoir through a finely tapered adjustable needle valve. Velocity of motion may be regulated by varying the viscosity of the oil, the mass placed on the piston, or the needle valve opening, usually the latter.
The principle of the system is the opposition of the viscous friction produced by the oil flow through the needle valve to the constant pressure provided by the suspended mass. Aside from regulation, this arrangement provides a large amount of damping which is necessary to obtain smooth motion at low velocities.
Velocity is monitored by a timer operated by two limit switches spaced a known distance apart. The useful range of velocities provided by this apparatus is from about 0.01 to 2.0 in./sec.
The stimulus test objects are rectangles cut in black construction paper carried on a frame attached to the piston, as is the light that illuminates the stimulus pattern from behind an opal glass plate; the latter "backs" the stimulus rectangles. By these arrangements, the subjects in the experiments are presented with a vertically descending rectangular stimulus whose rate of descent can be varied by means of the hydraulic regulating system. A circular background field about 13°in diameter, was presented so as to be viewed as the surround of the moving stimulus. The latter appeared on the background as a bright object in a dimmer field. All stimulus rectangles were 0.2 in. in width with lengths of 0.5, 1.0, 1.5, and 1.7 in., respectively. These measurements correspond (at a viewing distance of 100 in.) to visual angle measurements of 6.87 min of arc in width and 17.19, 34.38, 51.56, and 58.44 min of arc in length. The conditions apply to the so-called "mixed range" observations.8
Angular measurements as specified in Table 1 were used for a comparable series of stimuli when the experiment was run under what are called the "coplanar" viewing conditions, in which surrounds and stimulus were in the same frontal plane at 69.25 in. from the eye. In general, each moving stimulus A was viewed together with a stationary fiducial mark B, shown in Figure 1 , surrounded by an illuminated circular field C. The subject was instructed to maintain constant fixation on the edge of the surround to the left of the point on which the leading edge of the moving stimulus first appeared.
The moving stimulus first appeared with leading edge visible at a distance of 8.60 from the upper edge of the stationary fiducial mark; thus, it first appeared moving and at a position within the surround, its leading edge being approximately 4.3°below the upper edge of the surround. During the experiments the background illuminance was maintained constant at 1.0 foot-lambert and the luminance of the moving stimulus, at 15.8 foot-lamberts. Exposure duration of moving stimulus was held constant at 6 see by means of an ATC timer, which, when started manually, turned on the moving light source and turned it off automatically at the end of exposure. Dim illumination was provided for instrument reading together with appropriate over-all screening.
In the mixed-range experiments the moving stimulus and the stationary surround were located at different distances from the eye (the latter at 100 in., the former 17.2 in.). In the rest of the experiments, arrangements were provided in order to eliminate the parallax (between stimulus and field circumference) in the mixed-range field. various items of the configuration presented to the subject were rendered coplanar. Under the circumstances of the latter arrangement the limits of the visual field were determined by the extent of the surround. The subject's eye was placed directly against the eyepiece.
The moving stimuli and illuminated surround were adjusted so as to involve angular dimensions and luminances commensurate with those used in the mixed-range observations.
Results. Five subjects were used, three women and two men, ranging in age from 20 to 40 years. The data marked by crosses in Table 1 present the mean velocity threshold for each length of stimulus for each subject in the mixedrange series. The asterisked data are for the two subjects who repeated the experiment under coplanar viewing conditions.
For the mixed-range data, the three subjects with low threshold for the shortest stimulus (17.19 min. of arc) gave data that ranged from 1.15 to 2.07 minutes of arc per second; the thresholds for the two subjects with higher values were, respectively, 4.93 and 7.05 minutes of arc per second. Table 1. subjects.
Discussion. The results of this experiment are clear in showing that the movement threshold varies with length of a narrow stimulus rectangle: the longer the rectangle, the higher the threshold. This result confirms somewhat similar findings on the size parameter by Aubert' and Brown :2 increasing the area of a moving object raises the threshold. The present experiments, involving objects that approach the dimensions of narrow lines, may have advantages from the point of view of analysis over those involving more complex patterns.
Certain aspects of brightness contrast, exemplified in an experiment on stationary stimuli by Diamond,9 provide a useful context for considering the effect of length of stimulus on movement threshold. Diamond studied, by a binocular matching technique, the luminance required onl a match field to equal the brightiness on a test field as the latter was influenced by area of an inducing rectangular field. He found that, as inducing area increased above test field area, the brightness of the latter decreased (as measured by a matching luminance in the contralateral eye). Put in other words: as the area of an inducing patch increases, brightness of an adjacent test patch decreases if its luminance is equal to or less than the inducing luminance. This effect is interpreted as due to inhibitory processes in the retinal layers. In general, the usual brightness contrast effect'0-'3 involves the dimming of a test field in the presence of anl inducing field of higher luminance. When the inducing field is of lower luminance than the test field, a small increase may occur in the brightness of the latter. An earlier discussion by Graham"4 has dealt with the concept of a contrast wave in motion perception. The patterning of movement is taken to be due to sequential stimulations that involve contrast effects along the contour of a moving object. The wave in passing into or out of its surround interacts with the next element of background in accord with contrast principles. Interaction effects are possibly reversed in sign at different directions of change in contrast.
The mechanisms involved may be analogous to some observed in electrical recording experiments by Barlow and associates3' 4 and which, among other things, provide an explanation of directional sensitivity in retinal units of the rabbit eye.
The effect of stimulus length on threshold is analogous to the findings of Barlow and Levick4 on the effect of size on movement. They say: "If the image of a moving object spreads outside the receptive field onto its surround there are fewer impulses than when it is confined to the receptive field alone. This must be the inhibitory mechanism that elevates the threshold for large compared with small spots and it is presumably different from the inhibition responsible for sequence discrimination." From this point of view, then, the longer stimulus line should provide a higher threshold than does the short stimulus line. One possibility concerning this relationship might lie in a suggestion made by Graham:"5 "Increasing the size of a bright object on a darker background at prevailing low rates increases ... the rate threshold. This may mean that an increase in length of the moving stimulus provides, over its length and in adjacent unstimulated areas (particularly at the leading and trailing edges), a change (in interaction effects). The effect at a given (contour) point is, presumably, increased (or decreased, depending on contrast relations) by virtue of the greater number of converging units that exist with longer lengths of stimuli than with shorter." * This work was supported by PHS research grant 8 RO1 EY 00391-02 from the National
